Biochemical and morphological changes in lung tissue and isolated lung cells of rats induced by short-term nitrogen dioxide exposure.
To investigate the effects of repeated exposure to nitrogen dioxide (NO2) on antioxidant enzymes in lung tissue and isolated lung cells, rats were continuously exposed to 20 mg/m3 NO2 (10.6 ppm) for 4 days. The activities of glucose-6-phosphate dehydrogenase (G6PDH), glutathione reductase (GR), and glutathione peroxidase (GSHPx) were measured in the cytosolic fraction of lung tissue of both control and NO2-exposed rats as well as in isolated alveolar macrophages (AMs) and type II cells. Qualitative and quantitative changes in AM and type II cells were studied by electron microscopy and by morphometric analyses using enzyme and immunohistochemistry. NO2 exposure resulted in significantly increased pulmonary activities of G6PDH, GR, and GSHPx, both expressed per lung and per gram of lung weight. Morphometric data show that NO2 exposure significantly increased the number of type II cells, predominantly in the centriacinar region, indicating proliferation of epithelium following cellular injury. Type II cells in lungs of NO2-exposed rats had a squamous, less cuboidal appearance with more lamellar bodies compared to type II cells in lungs of control rats. Compared to control lungs, a higher number of macrophages could be isolated from NO2-exposed lungs, while numbers of type II cells isolated from lungs of control and NO2-exposed rats were the same. Isolated type II cells from control and NO2-exposed rats were polymorphic, with a small number of lamellar bodies and without polarity. Isolated macrophages were rounded and contained many filopodia. NO2 exposure caused increases in the activities of G6PDH and GSHPx in isolated type II cells and of GSHPx in isolated macrophages, when expressed per number of cells. Macrophages and type II cells isolated from control and NO2-exposed rats and re-exposed in vitro to NO2, showed no differences in phagocytosis and viability features. Our results indicate that NO2-induced increases in pulmonary antioxidant enzymes are also reflected in isolated AM and type II cells. Since these lung cells do not display a decreased sensitivities toward an in vitro NO2 exposure, overall increase in antioxidant enzyme activities do not seem to play the most pivotal role in controlling cellular NO2 sensitivity and oxidant defence. Combined data from biochemical, morphological, and morphometric analyses of lungs and lung cells suggest that lung cell and tissue oxidant sensitivity and defence largely depends on the cell and tissue organisation, i.e., cell numbers and morphology as well as the ratio of surface area to cytoplasmic volume.